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Zoom Lens and Photographing System 

BACKGROUND OF THE INVENTION 
Field of the Invention 
5 The present invention relates to a zoom lens 

suitable for a TV camera, video camera, and the like. 
Related Background Art 

As an autofocus (AF) system in a video camera or 
the like, a system called "hill-climbing AF" which 
10 obtains the distance to a principal object and drives a 
focus unit to an appropriate position is widely used. 

In this system, the direction of the best imaging 
position is detected from a change in a video signal by 
using some of the lens units of an image pickup system 
15 for imaging, and the extension direction of a focusing 
lens is calculated. A merit of this system is that no 
Q optical system need be newly used for distance 

measurement . 

In addition, in this system, in order to check 
20 whether the best imaging position is located before or 
after the image pickup surface (CCD surface or film 
surface), a partial optical system of the image pickup 
system is slightly amplitude- driven (to be referred to 
as wobbled hereinafter) in the optical axis direction. 
25 A focus unit is driven to set the best focus on the 
image pickup surface on the basis of the detected 
signal . 
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At this time, since part of the optical system is 
wobbled, the imaging magnification greatly changes to 
result in poor screen display unless lens units and the 
like are properly arranged. 
5 As a method of reducing a change in imaging 

magnification, the method disclosed in Japanese Patent 
No. 2744336 is available. This method is associated 
with a rear focus zoom lens which has the first unit 
having a positive refractive power, the second unit 
10 having a negative refractive power for magnification 
changing operation, the third unit having a positive 



!?=; refractive power, and the fourth unit having a positive 



J refractive power and serving to correct an image plane 

^ fluctuation with a change in magnification, and is 

H= 15 designed to perform focusing by using the fourth unit. 

nJ 

!U A change in imaging magnification accompanying 

Q wobbling can be expressed by a paraxial trace. Several 

conditions for suppressing a change in imaging 
magnification accompanying wobbling small are described 
20 in USP 5,138,492. 

These conditions are, however, insufficient to be 
applied to an image pickup system which has a wobbling 
lens unit placed in a relay lens unit located closer to 
the image side than the stop and allows 
25 insertion/removal of an extender for shifting the focal 
length to the telephoto side. 

More specifically, the conditions described in the 
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above reference are effective for a method of reducing 
a change in imaging magnification in a state where an 
optical arrangement behind the stop is fixed, but are 
not sufficient to be applied to a case wherein the 
5 arrangement of an optical system is changed upon 

insertion/removal of an extender or the like and the 
incident angle of an off -axis principal ray on a 
wobbling lens unit, in particular, changes. 
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10 SUMMARY OF THE INVENTION 

It is an object of the present invention to 
provide a 4 -unit zoom lens which exhibits a small 
change in imaging magnification accompanying wobbling 
even with insertion of an optical system such as an 

15 extender in the fourth unit serving as a relay lens 
unit and also exhibits excellent optical performance 
throughout the entire magnification change range. 

In order to achieve the above object, according to 
the present invention, in a zoom lens in/from which a 

20 magnification changing optical unit for changing an 
overall focal length of the zoom lens can be 
inserted/removed, a wobbling unit which can be slightly 
amplitude-driven in an optical axis direction to detect 
a best imaging position is placed closer to an image 

25 side than an insertion position of the magnification 
changing optical unit. 

With this arrangement, a change in imaging 
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magnification caused when the wobbling unit is slightly- 
driven in the optical axis direction can be reduced 
regardless of insertion/removal of the magnification 
changing optical unit . 

The zoom lens sequentially includes, from an 
object side, a first unit which is fixed in 
magnification changing operation and has a positive 
refractive power, a second unit which moves in the 
optical axis direction in magnification changing 
operation and has a negative refractive power, a third 
unit for correcting an image plane fluctuation 
accompanying magnification changing operation, and a 
fourth unit having a positive refractive power for 
imaging, and a magnification changing optical unit 
which changes the overall focal length of the zoom lens 
can be inserted/removed in/from the fourth unit. In 
this zoom lens, a wobbling unit which can be slightly 
amplitude-driven in the optical axis direction to 
detect a best imaging position is placed closer to the 
image side than the insertion position of the 
magnification changing optical unit, and a stop for 
adjustment of light amount is preferably disposed at 
the object side with respect to the fourth unit. 

More specifically, for example, when the wobbling 
unit is placed in the fourth unit and amplitude -driven 
to make an amplitude halfwidth of a backfocus change 
amount become 1/2 a depth of focus. 



|al(Sl - El)/fwl| < 0.6 ...(1) 
is satisfied, where al is an angle of an off-axis sub- 
principal ray incident on an object -side principal 
plane of the wobbling unit (without insertion of the 
magnification changing optical unit), SI is a distance 
to a stop viewed from the object -side principal plane 
of the wobbling unit (without insertion of the 
magnification changing optical unit), El is a distance 
to an image pickup plane viewed from an image -side 
principal plane of the wobbling unit (without insertion 
of the magnification changing optical unit), and fwl is 
a focal length at a wide-angle end without insertion of 
the magnification changing optical unit . 

With this arrangement, a change in imaging 
magnification accompanying wobbling without insertion 
of the magnification changing optical unit can be 
suppressed sufficiently small. 

In addition, when the wobbling unit is placed in 
the fourth unit amplitude-driven to make an amplitude 
half width of a backfocus change amount become 1/2 a 
depth of focus, 

|a2(S2 - E2)/fw2| < 2.2 ..-(2) 
is satisfied, where a2 is an angle of an off-axis sub- 
principal ray incident on the object-side principal 
plane of the wobbling unit (with insertion of the 
magnification changing optical unit), S2 is a distance 
to the stop viewed from the object -side principal plane 



- 6 - 



of the wobbling unit (with insertion of the 
magnification changing optical unit), E2 is a distance 
to the image pickup plane viewed from the image -side 
principal plane of the wobbling unit (with insertion of 
the magnification changing optical unit), and fw2 is a 
focal length at the wide-angle end with insertion of 
the magnification changing optical unit. 
In addition, in the fourth unit, 

-0.001 < <|)/Im < 0.0015 ...(3) 
is satisfied, where <J) is a refractive power of a lens 
unit located immediately before the wobbling unit in 
the fourth unit, and Im is an image size of an image 
pickup element . 

With this arrangement, a change in incident angle 
on the wobbling unit upon insertion/removal of the 
magnification changing optical unit can be made small. 
This makes it possible to reduce a change in imaging 
magnification more reliably. 

Further, the amplitude half width of the wobbling 
unit before/after insertion of the magnification 
changing optical system is preferably so set as to 
satisfy the following condition (4). 

Ax 2 = F-Ax x (4) 

where Ax 2 is an amplitude halfwidth of the 
wobbling unit before insertion of the magnification 
changing optical system, Ax 2 is an amplitude halfwidth 
of the wobbling unit after insertion of the 
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magnification changing optical system, and F is a rate 
of change of F-number due to insertion/removal of the 
magnification changing optical system. 

Note that a reduction in the size and weight of 
5 the wobbling unit to be slightly amplitude -driven may 

be attained by placing the wobbling unit closest to the 
image side in the fourth unit. 

If this system is designed to retract part of the 
fourth unit from the optical axis by inserting the 
q 10 magnification changing optical unit, a large space for 
£7j the insertion of the magnification changing optical 

Iji unit can be ensured while a reduction in the overall 

m 

size of the zoom lens is attained. This makes it 

2 possible to suppress a deterioration in optical 

L,~ 15 performance at the time of insertion of the 

lU 

2* magnification changing optical unit. 

H= 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a sectional view of a zoom lens 
20 according to the first embodiment of the present 

invention at the wide-angle end in the first numerical 
embodiment ; 

Fig. 2 is a sectional view of a zoom lens 
according to the first embodiment of the present 
25 invention at the wide-angle end in the second numerical 
embodiment ; 

Fig. 3 is a sectional view of a zoom lens 



according to the first embodiment of the present 
invention at the wide-angle end in the third numerical 
embodiment ; 

Fig. 4 is a sectional view of a zoom lens 
according to the first embodiment of the present 
invention at the wide-angle end in the fourth numerical 
embodiment ; 

Fig. 5 is a sectional view of a zoom lens 
according to the first embodiment of the present 
invention at the wide-angle end in the fifth numerical 
embodiment ; 

Fig. 6 is a sectional view of a zoom lens 
according to the first embodiment of the present 
invention at the wide-angle end in the sixth numerical 
embodiment ; 

Fig. 7 is a schematic view showing an optical 
configuration after the stop of the zoom lens according 
to the first embodiment (without insertion of an 
extender) ; 

Fig. 8 is a schematic view showing an optical 
configuration after the stop of the zoom lens according 
to the first embodiment (with insertion of the 
extender) ; 

Fig. 9 is an aberration diagram at the wide-angle 
end in the first numerical embodiment; 

Fig. 10 is an aberration diagram at the telephoto 
end in the first numerical embodiment; 



Fig. 11 is an aberration diagram at the wide-angl 
end in the second numerical embodiment; 

Fig. 12 is an aberration diagram at the telephoto 
end in the second numerical embodiment; 

Fig. 13 is an aberration diagram at the wide-angl 
end in the fourth numerical embodiment; 

Fig. 14 is an aberration diagram at the telephoto 
end in the fourth numerical embodiment; 

Fig. 15 is an aberration diagram at the wide-angl 
end in the fifth numerical embodiment; 

Fig. 16 is an aberration diagram at the telephoto 
end in the fifth numerical embodiment; 

Fig. 17 is an aberration diagram at the wide-angl 
end in the sixth numerical embodiment ; 

Fig. 18 is an aberration diagram at the telephoto 
end in the sixth numerical embodiment; 

Fig. 19 is an aberration diagram at the wide-angl 
end in the first numerical embodiment at the time of 
insertion of the extender; 

Fig. 20 is an aberration diagram at the wide-angle 
end in the second numerical embodiment at the time of 
insertion of the extender; 

Fig. 21 is an aberration diagram at the wide-angle 
end in the third numerical embodiment at the time of 
insertion of the extender ; 

Fig. 22 is an aberration diagram at the wide-angle 
end in the fourth numerical embodiment at the time of 
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insertion of the extender; 

Fig. 23 is an aberration diagram at the wide-angle 
end in the fifth numerical embodiment at the time of 
insertion of the extender; 

Fig. 24 is an aberration diagram at the wide-angle 
end in the sixth numerical embodiment at the time of 
insertion of the extender; 

Fig. 2 5 is a view showing the arrangement of a 
photographing system using the zoom lens according to 
the first embodiment as a photographing optical system; 
and 

Fig. 26 is view showing a photographing system 
according to another embodiment of the present 
invention . 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
( First Embodiment ) 

Figs. 1 to 6 show the cross-sectional 
configurations of lenses, of zoom lenses according to 
the first embodiment of the present invention, which 
are located at the wide-angle end and infinity focus 
position in the first to sixth numerical embodiments. 

Referring to Figs. 1 to 6 , a first unit (front 
element) I has a positive refractive power, and a 
variator II serves as the second unit having a negative 
refractive power and capable of moving in the optical 
axis direction in magnification changing operation. 



The second unit II is monotonously moved to the image 
side on the optical axis to change the magnification 
from the wide-angle end to the telephoto end. In 
magnification changing operation, the second unit II is 
moved within a range including an imaging magnification 
of lx (-lx) (i.e. equal magnification). 

A compensator III serves as the third unit which 
can move in the optical axis direction to correct an 
image plane fluctuation accompanying magnification 
changing operation . 

A stop SP is used for light amount adjustment. A 
fourth unit IV having a positive refractive power is 
used for imaging. 

A glass block G is a color separation prism, 
optical filter, or the like. A wobbling unit wo can be 
slightly amplitude -driven in the optical axis direction 
to detect the best imaging position. A lens unit L4b 
is placed immediately before the wobbling unit in the 
fourth unit. 

An extender (magnification changing optical unit) 
EX for increasing or decreasing the overall focal 
length of the zoom lens system can be inserted/removed 
(or mounted/dismounted) in/from the space in the fourth 
unit . 

In this embodiment, the configuration of a lens 
unit (to be referred to as a relay unit hereinafter) 
located closer to the image side than the stop SP is 



properly set such that a change in imaging 
magnification accompanying wobbling of the wobbling 
unit wo is reduced regardless of whether the extender 
EX is inserted/removed. 

The wobbling unit wo needs to be amplitude -driven 
at high speed in the optical axis direction. It is 
therefore preferable that the wobbling unit wo have a 
proper backfocus sensitivity degree and be light in 
weight. A zoom lens for a TV set needs to have a long 
backfocus and a small F-number, and hence requires many 
lenses constituting each unit. In addition, each lens 
has a large effective diameter, and an extender, macro 
photographing mechanism, flange-back adjustment 
mechanism, and the like must be arranged in the relay 
unit, resulting in a low degree of freedom in placing 
the wobbling unit . 

Figs. 7 and 8 schematically show lens units behind 
the stop SP. Fig. 7 shows a state where the extender 
EX is not inserted. Fig. 8 shows a state where the 
extender EX is inserted. Referring to Fig. 8, the 
magnification of the extender EX is set to 2x, and an 
image is enlarged by 2x on an image plane. 

Referring to Fig. 7, an image height change ratio 
can be expressed as follows. Letting al be the 
incident angle of sub-principal ray on the wobbling 
unit wo, (|)wo be the power of the wobbling unit wo, SI 
be the distance between the wobbling unit wo and an 
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image plane, (|)4c be the power of lens unit L4c located 
closer to the image side than the wobbling unit wo, Ax 
be the wobbling amount, (SI - El) be the difference 
between the distance to a virtual image of the stop SP 
viewed from the wobbling unit wo and the distance to a 
virtual image of the image plane viewed from the 
wobbling unit wo, and Ay be the image height change 
amount at the time of wobbling, an image height change 
ratio Ay/fw (where fw is the focal length of the 
overall system at the wide-angle end) can be expressed 
by 



The wobbling amount Ax is a sufficiently small 
value relative to (SI - El), and hence can be expressed 
by 



In the configuration of the zoom lens according to 
this embodiment , parameters that change upon 
insertion/removal of the extender EX and have great 
influences on the image height change ratio Ay/fw are 
the incident angle al of a principal ray on the 
wobbling unit wo and (SI - El). 

The allowable value of the wobbling amount Ax will 
be described. It is said that the resolution of the 
visual sense of a person having 20/20 vision is about 
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one minute. If, for example, the person watches a 
30-inch TV screen (having a screen size of about 50 cm 
in the horizontal direction) at a distance of 2.5 m, 
the viewing angle in the horizontal direction becomes 
5 about 680 minutes. A resolution of one minute 
therefore corresponds to 0.15% of the screen. 

If the lens is stopped down, the depth of focus 
increases as compared with that at full aperture. In 
addition, a larger wobbling amount is required to 
1^ 10 detect the best focus position, and hence the image 

q height change ratio increases. 

Ui 

ns In consideration of the fact that the highest 

~ frequency in use of an F-number range is about full 

u = 

^ aperture: F/5.6, an image height change ratio is 

L 3 : 15 allowed at most 0.15% at F/5.6. An allowable value at 

m 

rU full aperture (F/ 1.752) becomes about 0.06% which is 

O about 1/3 the image height change ratio at F/5.6. The 

upper limit of conditional expression (1) is determined 
such that the image height change ratio at full 
2 0 aperture (F/ 1.75 2) falls within an image height change 
ratio of 0.06% (0.15% at F/5.6), and falls within the 
allowable range even if the image height change ratio 
changes upon insertion of the extender EX. 

The relationship between the wobbling amount Ax 
2 5 and the change amount in backfocus Ask is expressed by 

Ax= Ask 



where 0 X is a lateral magnification of the wobbling 
unit, and 0 2 is a lateral magnification of an optical 
system placed at the image side with respect to the 
wobbling unit . When the change amount in backf ocus Ask 
is 1/2 the depth of focus, the relationship between the 
change amount in backfocus Ask and the F-number fno is 
expressed by 

Ask = 6'fno/2 

where 6 is a permissible circle of confusion 
determined by the camera system. 

In the present invention, the wobbling lens unit 
is disposed closer to the image side than the 
magnification changing optical unit capable of being 
inserted and removed, so that the wobbling amount Ax 
has a relation proportional to the F-number since both 
P 2 and 0 2 are constant before/after insertion of the 
magnification changing optical system. 

Considering the wobbling amount after insertion of 
a 2x extender, since the F-number becomes doubled, the 
depth of focus also becomes doubled. The amplitude 
driving amount of the wobbling unit must also be 
doubled. 

The F-number in practical use at the time of 
insertion of the 2x extender falls within a narrow 
range of about F/4 to F/5.6 because the F-number at the 
full aperture end increases. For this reason, if a 
maximum of 0.15% of the value at F/5.6 is allowed at 



the time of insertion of the extender, the allowable 
amount at full aperture (F/4) becomes about 0.1%. That 
is, an allowable amount as large as double the value 
before the insertion of the extender can be allowed. 

The allowable upper limit value of an image height 
change ratio indicated by conditional expressions (1) 
and (2) is the value set when the wobbling unit is 
amplitude-driven in the optical axis direction such 
that the amplitude halfwidth of a change in backfocus 
becomes 1/2 the depth of focus. In practice, this 
value changes depending on the manner of determining a 
wobbling amount with respect to the depth of focus 
(e.g., setting the amplitude halfwidth to 1/3 the depth 
of focus or to be equal to it), an assumed screen size, 
and the like . 

Considering a system frequency using F-numbers 
equal to or larger than F/5.6 or setting of smaller 
full aperture F-numbers, a system is required in which 
the image height change ratio at full aperture is 
further suppressed and a change before/after insertion 
of an extender is smaller. 

Consider only a state where no extender is 
inserted. In this case, to reduce a change in imaging 
magnification accompanying wobbling, the incident angle 
al of a sub-principal ray on the wobbling unit and the 
difference (SI - El) between the distance El to the 
stop viewed from the wobbling unit and the distance SI 



to the image plane viewed from the wobbling unit must 
be reduced. 

When the extender EX in the state shown in Fig. 7 
is inserted (Fig. 8), the incident angle of sub- 
principal ray on the wobbling unit wo changes to a2 , 
and a distance E2 to the stop SP viewed from the 
wobbling unit wo changes. However, a distance S2 to 
the image plane viewed from the wobbling unit wo is 
almost constant (S2 - SI) regardless of 

insertion/removal of the extender, and hence a change 
in imaging magnification at the time of insertion of 
the extender remains . 

In order to reduce a change in imaging 
magnification accompanying wobbling in a state where 
the extender is not inserted, the following condition 
must be satisfied: 

0.05 < |al (SI - El)/fwl| < 0.6 ...(1) 

With approach to the lower limit value of 
conditional expression (1), a change in imaging 
magnification while the extender is not inserted is 
reduced, and an ideal condition is obtained. 

While the extender is inserted, it is difficult to 
cancel out the distance E2 with respect to the distance 
S2 in Fig. 8, and a change in imaging magnification 
remains. This condition is not necessarily a desired 
condition for an optical system in/from which the 
extender is inserted/removed. 
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If the upper limit value is exceeded, a change in 
imaging magnification without insertion of the extender 
is large. It indicates that this condition is not 
suitable for wobbling. 
5 Therefore, while the extender is inserted, the 

following is preferably satisfied: 

0.05 < |a2(S2 - E2)/fw2| < 2.2 .-.(2) 

If the upper limit value of this conditional 
expression (2) is exceeded, it indicates that a change 
10 in imaging magnification at the time of 

insertion/removal of the extender is large. 

In addition, the refractive power (J)4b of the lens 
unit L4b located immediately before the wobbling unit 
wo in the fourth unit IV preferably satisfies 
15 -0.001 < (J)4b/Im < 0.0015 -.-'(3) 

where Im is the image size of the image pickup element . 

If the positive or negative refractive power of 
the lens unit L4b is increased beyond the range of 
conditional expression (3), the incident angle of a 
20 principal ray on the wobbling unit wo greatly changes 

from al to a2 or from a2 to al, and a change in imaging 
magnification becomes large under one of the 
conditions. 

It is preferable to set the amplitude amount of 
25 the wobbling unit to the following condition (4) 

before/after insertion of the magnification changing 
optical system. 



Ax 2 = F • Ax x ( 4 ) 

where Ax 2 is an amplitude halfwidth of the wobbling 
unit before insertion of the magnification changing 
optical system, Ax 2 is an amplitude halfwidth of the 
wobbling unit after insertion of the magnification 
changing optical system, and F is a rate of change of 
F-number due to insertion/removal of the magnification 
changing optical system. This enables the best focus 
position to be detected and a system in which blur is 
not conspicuous on a screen upon detection to be 
provided irrespective of whether the magnification 
changing optical system is inserted or not. 
< <Numerical Embodiment s > > 

The numerical embodiments of this embodiment will 
be described below. In the numerical embodiments 5 to 
6, let ri be the radius of curvature of the ith lens 
from the object side, di be the thickness or air gap of 
the ith optical member from the object side, and ni and 
yi ("vi" in the tables) be the refractive index and 
Abbe number, respectively, of the glass of the ith lens 
from the object side with respect to a d line. 

Letting the X-axis be the optical axis direction, 
the H-axis be a direction perpendicular to the optical 
axis, a traveling direction of light be positive, R be 
the paraxial radius of curvature, and B, C, D, and E be 
aspherical coefficients, an aspherical shape is 
expressed by 
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X= _ +BH * + ch 6 +DH 8 +EH 10 

(H/R) 2 

(Numerical Embodiment 1) 
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In the numerical embodiment 1 shown in Fig. 1, to 
reduce variations in optical performance upon insertion 
of the extender EX, the extender EX is preferably 
placed in a substantially afocal parallel light beam. 
In addition, a wide gap is required to satisfy the 
extender magnification requirement and optical 
performance requirement . 

As a wobbling unit which satisfies conditional 
expression (1), has a proper backfocus sensitivity 
degree accompanying slight amplitude driving of the 
wobbling unit wo, and exhibits a small change in 
imaging magnification, all or some of lens units 
located closer to the image side than the extender EX 
are preferably used. 

In the numerical embodiment 1, three lenses of 
which form two units in the fourth unit and are located 
closest to the image side, are used as wobbling unit 
lenses. By making some lenses of the fourth unit 
movable, a reduction in the weight of the wobbling unit 
wo is achieved. In addition, by setting the refractive 
power of the lens unit L4b located immediately before 
the wobbling unit within the range of conditional 
expression (3), a change in imaging magnification is 
small regardless of the presence/absence of the 
extender EX. 

In the numerical embodiment 1 , the extender EX can 
be inserted/removed in/from a space with gap d26 = 36 
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mm . 

Table 12 shows the numerical values of conditional 
expressions and imaging magnification change ratios in 
the respective numerical embodiments. Each imaging 
magnification change ratio is the value obtained when 
wobbling is performed upon setting the amplitude 
halfwidth to 1/2 the depth of focus at the full 
aperture end. 

If, for example, the permissible circle of 
confusion of a 2/3-inch CCD (image size: <()11 mm) which 
is the mainstream in TV cameras is set to about 0.021 
mm, the depth of focus at F/2 becomes about 0.04 mm. 

Figs. 9 and 10 are aberration diagrams at the 
wide-angle end and telephoto end without insertion of 
the extender in the first numerical embodiment. 
Fig. 19 is an aberration diagram at the wide-angle end 
with insertion of the extender. 
(Numerical Embodiment 2) 
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Extender Portion 
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In the numerical embodiment 2 shown in Fig. 2, the 
second lens located closer to the image side than the 
insertion gap of the extender EX is used as a wobbling 
unit lens. The extender EX can be inserted/removed 
in/from a space with d24 = 30 mm. 

Since the positive refractive power (J>4b of the 
lens unit L4b located immediately before the wobbling 
unit wo is brought near to the upper limit in the 
numerical embodiment 1, a change (conditional 
expression (2)) in imaging magnification upon 
insertion/removal of the extender takes a large value. 

The lens unit L4c constituted by six lenses which 
form four units in the fourth unit and are located 
closer to the image side than the wobbling unit wo are 
constituted by two lens units L4cl and L4c2. In 
addition, the use of the lens unit L4c2 allows macro 
photographing for proximity ^photographing and 
flange-back adjustment for adjusting the dimensional 
error between the reference surface of a lens (flange 
surface) and an image plane in a lens -interchangeable 
camera, independently of the main focusing lens. 

Figs. 11 and 12 are aberration diagrams at the 
wide-angle end and telephoto end without insertion of 
the extender in the numerical embodiment 1. Fig. 20 is 
an aberration diagram at the wide-angle end with 
insertion of the extender. 
( Numerical Embodiment 3 ) 
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In contrast to the lens system in the numerical 
embodiment 2, in the numerical embodiment 3 shown in 
Fig. 3, the extender can be inserted in the space with 
d24 to d26 by retracting (ejecting) part (L4b) of the 
fourth unit from the optical axis at the time of 
insertion of the extender EX. By retracting part of 
the fourth unit, a reduction in the space for 
insertion/removal of the extender can be attained. 
This makes it possible to achieve a reduction in the 
size of the lens system and suppress a deterioration in 
optical performance at the time of insertion of the 
extender by effectively using the wide space. 

Even in a case where part of the fourth unit is 
retracted at the time of insertion of the extender, an 
appropriate imaging magnification change ratio can be 
kept by properly setting the refractive power of the 
lens unit L4b. 

Fig. 21 is an aberration diagram at the wide-angle 
end at the time of insertion of the extender in the 
numerical embodiment 3 . 
(Numerical Embodiment 4) 
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TABLE 7 



Extender Portion 
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In the numerical embodiment 4 shown in Fig. 4, the 
second lens located closer to the image side than the 
insertion gap for the extender EX is used as a wobbling 
unit lens. In addition, the extender EX can be 
inserted in a space with d26 = 30 mm. 

In the numerical embodiment 4, the lens unit L4b 
located closer to the object side than the wobbling 
unit wo has a negative refractive power. In contrast 
to the numerical embodiment 1, since (j)4b is brought 
closer to the lower limit, a change in imaging 
magnification (conditional expression (2)) accompanying 
insertion of the extender EX takes a large value. 

Figs. 13 and 14 are aberration diagrams at the 
wide-angle end and telephoto end without insertion of 
the extender in the numerical embodiment 4. Fig. 22 is 
an aberration diagram at the wide-angle end with 
insertion of the extender. 
(Numerical Embodiment 5) 
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In the numerical embodiment 5 shown in Fig. 5, the 
second lens located closer to the image side than the 
insertion gap for the extender EX is used as a wobbling 
unit lens, and the extender EX can be inserted/removed 
in/from a space with d24 = 30 mm. In the numerical 
embodiment 5, the wobbling unit wo has a negative 
refractive power. 

In the numerical embodiment 5 , <j)4b is brought 
closer to the upper limit, a change in imaging 
magnification (conditional expression (2)) accompanying 
insertion/removal of the extender takes a large value. 

In this numerical embodiment, the unit L4c is 
integrally moved to allow macro photographing and 
flange-back adjustment . 

Figs. 15 and 16 are aberration diagrams at the 
wide-angle end and telephoto end without insertion of 
the extender in the numerical embodiment 5. Fig. 23 is 
an aberration diagram at the wide-angle end with 
insertion of the extender. 
(Numerical Embodiment 6) 
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In the numerical embodiment 6 shown in Fig. 6, the 
sixth lens of the fourth unit from the image side is 
used as a wobbling unit lens, and the extender EX can 
be inserted/removed in/from a space with d34 = 45.2 mm. 

In the numerical embodiment 6 , unlike in the 
numerical embodiments 1 to 5 , an optical system is 
placed in the space in the fourth unit, in/from which 
the extender EX is inserted/removed, instead of setting 
a large space as an air gap at the time of lx, and the 
optical system at the time of lx is retracted (ejected) 
from the optical axis upon insertion of the extender. 

In this case as well, by setting the refractive 
power of the lens unit L4b within an appropriate range, 
an image height change ratio can be suppressed low 
regardless of the insertion/removal of the extender EX. 

In each numerical embodiment described above, the 
lens units located closer to the object side than the 
extender EX are fixed regardless of insertion/removal 
of the extender EX. By placing an optical system at 
the time of lx and insertion of the extender, the 
degree of freedom in design increases, and high optical 
performance with a low image height change ratio can be 
realized. 

Figs. 17 and 18 are aberration diagrams at the 
wide-angle end and telephoto end without insertion of 
the extender in the numerical embodiment 6. Fig. 24 is 
an aberration diagram at the wide-angle end with 
insertion the extender. 
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As described above, according to this embodiment, 
there is provided a zoom lens suitable for a TV camera, 
video camera, or the like, which has a large aperture 
of an F- number of about 1.8 to 2 and a high 
magnification ratio of lOx or more, exhibits a small 
change in imaging magnification accompanying wobbling 
regardless of insertion/removal of an optical system 
such as the extender EX in the relay unit , and has 
excellent optical performance throughout the entire 
magnification change range. 
( Second Embodiment ) 

A photographing system (TV camera system) using 
one of the zoom lenses in the numerical embodiments 1 
to 6 as a photographing optical system will be 
described next with reference to Fig. 25. 

Referring to Fig. 25, this photographing system 
includes a photographing system body 106 including 
lenses, a photographing optical system 101 formed by 
one of the zoom lenses in the numerical embodiments 1 
to 6, a glass block 102 corresponding to a filter or 
color separation prism, an image pickup element 103 
such as a CCD for receiving an object image formed by 
the photographing optical system 101, and CPUs 104 and 
105 for controlling the photographing system and 
lenses . 

By using one of the zoom lenses in the numerical 
embodiments 1 to 6 for a photographing system such as a 



TV camera, a photographing system can be realized, in 
which a change in imaging magnification upon slight 
amplitude driving of a wobbling unit wo in the optical 
axis direction for autofocus operation is small 
regardless of whether an extender EX is 
inserted/removed, i.e., poor screen display can be 
prevented. 

The present invention is not limited to the zoom 
lenses shown in Figs. 1 to 6 . A lens unit other than 
the lens units shown in Figs. 1 to 6 may be added to 
the zoom lens . 

For example, as shown in Fig. 26, the lens unit 
may be constituted by I, II, III, IV, and V units. The 
same reference numerals as in Fig. 26 denote the same 
parts in Fig. 25. 

As has been described above, according to the 
present invention, a change in imaging magnification 
caused when the wobbling unit is slightly 
amplitude-driven in the optical axis direction can be 
suppressed small regardless of the insertion/removal of 
the magnification changing optical unit. 

Note that if conditional expression (1) is 
satisfied, a change in imaging magnification 
accompanying wobbling without insertion of the 
magnification changing optical unit can be sufficiently 
suppressed small. 

If conditional expression (2) is satisfied, a 



change in imaging magnification accompanying wobbling 
with insertion of the magnification changing optical 
unit can be sufficiently suppressed small. 

If conditional expression (3) is satisfied, a 
change in incident angle on the wobbling unit upon 
insertion/removal of the magnification changing optical 
unit can be made small. This makes it possible to 
reduce a change in imaging magnification more reliably. 

Note that if the wobbling unit is placed closest 
to the image side in the fourth unit, a reduction in 
the size and weight of the wobbling unit to be slightly 
amplitude-driven can be attained. 

If this system is designed to retract part of the 
fourth unit from the optical axis by inserting the 
magnification changing optical unit, a large space for 
the insertion of the magnification changing optical 
unit can be ensured while a reduction in the overall • 
size of the zoom lens is attained. This makes it 
possible to suppress a deterioration in optical 
performance at the time of insertion of the 
magnification changing optical unit. 



